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[57] ABSTRACT

A semiconductor laser is provided with an active layer
which is bent at an angle at both ends of the resonator
so that both ends of the waveguide path are formed by
semiconductor cladding layers. The structure is effec-
tive 1n increasing the obtainable optical density while
decreasing absorption at the waveguide ends.

4 Claims, 5 Drawing Figures
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TRANSVERSE JUNCTION STRIPE LASER WITH
STEPS AT THE END FACES

BACKGROUND OF THE INVENTION

This invention relates to an improvement in a semi-
conductor laser device known in the art as a TJS
(Transverse Junction Stripe) laser device.

F1G. 11s a perspective view showing one example of
the structure of a conventional TJS laser device. A
method of manufacturing the laser device and the char-
acteristics of the same will be briefly described. A first
n-type aiminum gallium arsenic (Al,Ga;—yAs) cladding
layer 2, an n-type Al;Ga)_,As active layer 3, a second
n-type AlyGa;_pAs cladding layer 4 and an n-type
GaAs contact layer 5 are grown on a semi-insulating
galhum arsenic (GaAs) crystalline substrate 1 doped
with chromium (Cr), in the stated order, according to a
conventional liquid-phase epitaxial method. Thereafter,
zinc (Zn) is selectively diffused from the surface of the
n-type GaAs contact layer 5 and heat treatment driving-
In 1s carried out, so that a p-type region 6 and a p+ type
region 7 are formed as shown in FIG. 1. In succession,
the p-n junction of the GaAs contact layer 5 is subjected
to mesa-etching, and p and n electrodes 8 are formed on
the p- and n-type parts on both sides thereof, respec-
tively. In FIG. 1, reference numeral 9 designates the
rear surface, namely, a metal layer.

As the diffusion potential of the p-n junction formed
in the Al,Gaj_xAs active layer 3 is lower than that of
the p-n junctions in each of the Al,Ga;_,As clad layers
2 and 4 (where y >x), when a forward voltage is applied
across the p and n electrodes 8, current flows collec-
tively in the p-n junction of the Al,Gaj_, As active
layer 3, as a result of which laser oscillation takes place
near the junction. In this case, a pair of crystalline end
faces 10 perpendicular to the p-n junction surface in the
AlxGaj_xAs layer 3 are employed as the resonator
mirror facets of the laser. The conventional TJS laser
device is advantageous in that the oscillation threshold
current 1S low and a stable single mode oscillation is
obtained. However, since the structure of the conven-
tional TJS laser device is such that the active region
must be narrow in order to obtain single mode oscilla-
tion, it 1s fundamentally difficult to obtain an optical
output power larger than 10 mW per surface. In the
active region of the above-described conventional TJS
laser device, the thickness of the active layer 3 is about
0.2 um, the width of the p-type region 6 formed by
diffusion is about 2 um, and the area of the correspond-
ing effective light emission region 11 is generally about
0.5X2 um?. The conventional TJS laser device is disad-
vantageous 1n that when the optical output is more than
10 mW /facet, i.e., when the optical output density is
more than about 10° Watts/cm?2, the device undergoes
so-called optical mirror damage (OMD), i.e., it breaks
down. The OMD is caused by the fusion of the laser end
face. That is, the OMD phenomenon is a breakage phe-
nomenon which takes place with the optical output as
the critical point as the optical output is gradually in-
creased, for instance because the strength of the electri-
cal field near the mirror facet 10 is larger than that of
inner portion of resonator, and the optical absorption is
increased near the end face.

Accordingly, two methods may be employed to in-
crease the laser optical output. In one of the two meth-
ods, the optical power density, which causes the above-
described OMD, is increased to a larger value. In the
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other method, the light emitting area is increased, so
that the effective optical output is increased without
mcreasing the optical output density. In the case of the
latter method, when it is required to provide a single-
mode laser, the enlargeable light emitting area is limited
to a certain value. That is, the maximum area is of the
order of 1X5 um? because of the thickness and width
limitations of the light emitting region 11. In this case,
the optical output is not more than five times the con-
ventional value.

For the former method in which the optical density is
effectively increased, theoretically the optical absorp-
tion of the resonator end face 10 should be decreased as
much as possible.

FIG. 2 1s a perspective view of a conventional TJS
laser device which has been improved according to the
above-described principle. In this structure, the ar-
rangement of the epitaxially grown layers is similar to
that in FIG. 1. However, it should be noted that the
structure 1s different from that in FIG. 1 in that a crank-
shaped waveguide path is formed near the resonator
end face 10. That is, the p-type region 6 included in the
p-type AlxGaj_xAs active layer, which is the active
region, 1s L-shaped—bent in the form of a crank—near
the resonator end face 10 as indicated at 12 in FIG. 2.
Therefore, with the device having the above-described
structure, the laser beam oscillates as it progates in the
straight p-type region 6 occupying the middle part of
the device and in the n-type region near the two end
faces 10. Electrons contributing to laser oscillation are
injected into only the straight p-n junction which is
formed in the middle portion of the device and is per-
pendicular to the resonator end faces 10. The current
flowing in the p-n junction of the part 12 which is bent
in the form of a crank does not directly contribute to the
laser oscillation. The light which is emitted near the
straight p-n junction in the middle portion of the device
propagates in the p-type region 6 and the n-type regions
at both ends in a direction perpendicular to the resona-
tor end faces 10 (i.e., in the direction of the resonator),
1s reflected by the two end faces 10 and amplified, as a
result of which the light oscillates at a certain current
value (threshold value). In general, in a laser device
having the structure shown in FIG. 2, because the n-
type region near the resonator end face 10 has a larger
forbidden band gap than the p-type region, optical ab-
sorption when the light emitted from the p-type region
propagates 1n the n-type region is smaller than the ab-
sorption when it propagates in the p-type region 6.
Thus, the improved structure described above can solve
the problem accompanying the conventional structure
in FIG. 1 where the optical absorption was increased
near the resonator end face 10. It has been confirmed
that the optical density limit at which OMD occurs as
described above is increased, for instance, to 2X 107
Watts/cm? in the case of the crank type structure from
1X 10 Watts/cm? in the case of the conventional one.
FIG. 3 1s a plan view of the crank type TJS laser device.
The laser beam oscillates and is emitted passing through
the region indicated by the arrow.

The above-described crank type laser device is still
disadvantageous in the following points:

Since the crank-shaped part 12 is formed by diffusion,
the corners especially are not rectilinear that is, they are
substantially rounded. Accordingly, the length of the
crank-shaped part 12, i.e., the length of the n-region
deviates from the design value (which is, for instance,
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the value on the mask pattern), and control accuracy is
decreased by as much. Thus, the device suffers from
difficulties in that the threshold current is increased or
becomes non-uniform. Another disadvantage is as fol-
lows: The difference in forbidden band gap between the
p-type region 6 and the n-type region of the crank-
shaped part 12 where the laser beam propagates is, for

instance, 50 to 60 meV, and the difference in optical
absorption therebetween is extremely small. Accord-

ingly, in the case where the length of the crank-shaped
part 12 1s made shorter in order to decrease the thresh-
old current value, at the worst the effectiveness of the
crank structure may be lost because of the increasing

electric field of a region in the p-type region in which -

electron injection is carried out which is closest to the
n-type region of the crank-shaped part 12. Therefore, in
this case, the device cannot operate stably with a large

optical output.
SUMMARY OF THE INVENTION

In view of the foregoing, an object of this invention is

to provide a TJS laser device in which the crank-shaped
parts at both ends of the resonator are formed so as to be
in the thickness direction of the semiconductor device,
whereby the advantages of the crank structure are fully
utilized and high power operation may be stably carried

out.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 11s a perspective view showing one example of
the structure of a conventional TJS laser device;

FIG. 2 1s a perspective view showing one example of
the structure of an improved TIS laser device;

FIG. 3 1s a plan view of the device shown in FIG. 2:
and

FIGS. 4A and 4B illustrate one embodiment of the
invention, wherein FIGS. 4A and 4B are respectively a
plan view and a front view of a semiconductor laser
device according to the invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

- FIGS. 4A and 4B illustrates the structure of one
embodiment of this invention. In FIGS. 4A and B illus-
trate, those parts which have been described with refer-
ence to the above described devices are therefore simi-
larly numbered. In the embodiment of FIGS. 4A and
4B, grooves 13 each having a suitable length and width
are formed in both sides of the upper surface of a semi-
insulating GaAs crystalline substrate 1a doped with Cr.
A first n-type Al;Gaj_,As cladding layer 2g, an n-type
AlyGai—xAs active layer 3a, a second n-type Al,Gaj.
—yAs cladding layer 4a and an n-type GaAs contact
layer S are formed on the thus treated substrate 1a by
epitaxial growth. The structure as shown in FIGS. 4A
and 4B can be obtained by suitably selecting the growth
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speed and the temperature. Then, similarly to the case

of the conventional device, a p-type region 6 and a
pT-type region 7 are formed by Zn diffusion and heat
treatment. Thereafter, the p-n junction of the GaAs
contact layer § is selectively subjected to mesa etching,
to form p and n electrodes. Thus, the device as shown in
FIGS. 4A and 4B resulis.

In this structure, the n-type Al Gaj_xAs active layer
3a 1s bent in the thickness direction of the epitaxial
layers near the end faces 10 thereof, to form crank-
shaped parts 12. The region into which current is in-
Jected for laser oscillation is the straight part 14 of the
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resonator. Light emitted here passes through the
straight part 14 and propagates through the second
Al,Gaj—yAs cladding layer 4a from the crank-shaped
part 12 to the end face 10, thus being amplified and
oscillating. In this case, as the second Al,Gaj - ,As clad-
ding layer 4 has a larger forbidden band gap than does

the AlyGaj_xAs active layer 3¢ (because y>X), the

absorption of the propagating light at the crank-shaped
pari 12 is decreased by as much as the difference there-

between. In the above-described structure according to

the invention, the difference in the energy gap between
the second Al Ga)_pAs cladding layer 4a and the Al,.
Gax_1As active layer 3a is 400 to 500 meV, and optical
absorption 1is effectively decreased when the optical
path length of the crank-shaped part 12 is short. When
compared with the energy gap difference of 50 to 60
meV in the conventional device shown in FIG. 1 or 2,
the energy gap difference in the device of the invention
1s considerably large. This is effective in decreasing
optical absorption near the resonator end face 10.

In the structure according to the invention, the crank-
shaped parts 12 are created by forming the grooves 13
in the substrate 1q in advance. Therefore, the finished
dimensions, for example, the crank length can be made
substantially equal to the design values. Therefore, the
fundamental oscillation characteristic of the laser de-
vice can be readily and uniformly reproduced. Thus, a
laser device of high power and stable operation can be -
readily provided according to the invention. It has been
confirmed that, with the structure of the invention,
stable oscillation characteristics are obtained even when
the optical density is more than 107 Watts/cm?2.

In addition to the above-described embodiment, the
crank-shaped part may be formed by partly protruding
the substrate, or steps may be formed on the first clad
layer. The technical concept of this invention may be
applied to laser devices using semiconductor materials
such as InP systems, materials and InGaAsP systems
materials rather than AlGaAs systems materials.

As was described above in detail, in the semiconduc-
tor laser device according to the invention, although
the larger part or the middle portion of the waveguide
path forming the resonator is the active layer, the two
end portions are formed with a first or second cladding
layer of large forbidden band gap. Therefore, the opti-
cal absorption at both end portions is decreased, and
laser oscillation of large optical density can be stably
carried out. |

What is claimed is:

1. A semiconductor laser device, comprising:

a first semiconductor layer of a first conductivity
type, a semiconductor active layer of said first
conductivity type and a second semiconductor
layer of said first conductivity type formed on a
semi-insulating semiconductor substrate in the
stated order in a first dimension, said first and sec-
ond semiconductor layers having a larger forbid-
den band gap than said semiconductor active layer
by 400-500 meV, a semiconductor region of a sec-
ond conductivity type formed in predetermined
regions of the first, active and second layers and
extending into said semi-insulating substrate, said
semiconductor region forming pn junctions with
said first active and second layers, reflectors
formed on opposed ends of said semiconductor
laser device to form a resonator, and two elec-
trodes connected respectively to said semiconduc-
tor region and a portion of said second semicon-
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ductor layer which is of said first conductivity
type,

said active layer being substantially bent in said first

dimension in a direction away from a main surface
thereof at and along the entirety of both end por-
tions of said resonator between said reflectors, and
such that a middle portion of a wave-guide path
between said reflectors comprises said active layer
while both end portions thereof are formed of one
of said first and second semiconductor layers.

2. A semiconductor laser device as claimed in claim 1,
wherein said substrate includes steps formed in both end
portions of the upper surface thereof, and wherein said
first semiconductor layer, the semiconductor active
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layer and the second semiconductor layer are formed
thereon in the stated order.

3. A semiconductor laser device as claimed in claim 1,
including steps formed in both end portions of said first
semiconductor layer formed on said semi-insulating
semiconductor substrate, said semiconductor active
layer and said second semiconductor layer being
formed on said first semiconductor layer in the stated
order.

4. A semiconductor laser device as claimed in claim 1,
wherein said first and second semiconductor layers are
of Al;Gaj_yAs and said semiconductor active layer is
of AlyGaj_xAs where y> x.
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